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Macroscopic Feature Driven Shape Generation
Method for Curve Design Support.

The technique for styling design progressed in Bauhaus in early the 20th Century. It
is because the knowledge about shape feature and the method for control it are
systematized, and this knowledge can be utilized in styling design. Although this was
a big result in Bauhaus, many of those results were discussed about the microscopic
feature, and most knowledge about the macroscopic feature was not acquired. The
macroscopic feature is the overall feature that emerges from the total of shape
elements. This feature is not expressed only by adding the feature of a shape
element. In cognitive psychology, the macroscopic feature has been studied as
Gestalt. Moreover, the composition in aesthetics is also considered to be the
macroscopic feature. However, this knowledge is qualitative and difficult to be
utilized in styling design. Therefore, in order to represent the macroscopic feature
quantitatively, we proposed modeling the above-mentioned knowledge appropriately
by the technique of computational engineering, and have advanced research about
macroscopic feature for curved profile. The prominent Japanese motor corporation
consented to our research, and various cooperation including offer of the sample
mentioned later was obtained.
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Yoshiyuki Matsuoka
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On the other hand, one problem can be considered when utilizing the macroscopic
feature represented quantitatively in styling design. It is that the relationship between
macroscopic feature and sum of the feature of an element is nonlinear. Generally,
only when this relationship is linear, a designer can control shape feature directly.
When this relationship is nonlinear, it is difficult to design controlling shape feature.
Therefore, we proposed macroscopic feature driven shape generation method and
have advanced research for curved profile. In this method, an input of the
macroscopic feature outputs two or more curved profiles reflecting it. Design support
is aimed at by presenting generated shapes for a designer.
As mentioned above, in styling design, the construction of method for representation
of macroscopic feature and the construction of method for control of macroscopic
feature are important. This paper describes the method for representation of
macroscopic feature "complexity" in curved profile, and the shape generation method
for control of complexity.
Firstly, method for representation of complexity was proposed. "Complexity" affects
evaluation of the important factor on design, such as "beauty" and "similarity." In the
present study, the method for representation of complexity was applied to the diverse
curved profiles. As a result, it was found that curvature integration represents the
complexity in the diverse curved profiles.
Next, based on Genetic Algorithm, shape generation method using method for
representation of complexity was proposed, and was applied to the design of
automobile side-view. As a result, it was confirmed that curvature integration control
the complexity in curved profile, and it was shown that the possibility of new designsupport in curved profile using macroscopic feature driven shape generation
method.
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Abstract
In styling design, the construction of method for representation of macroscopic feature
and the construction of method for control of macroscopic feature are important. This
paper describes the method for representation of macroscopic feature "complexity" in
curved profile, and the shape generation method for control of complexity.
Firstly, method for representation of macroscopic feature "complexity" was proposed.
"Complexity" affects evaluation of the important factor on design, such as "beauty" and
"similarity." In the present study, the method for representation of complexity was applied
to the diverse curved profiles. As a result, it was found that curvature integration
represents the complexity in the diverse curved profiles.
Next, based on Genetic Algorithm, shape generation method using method for
representation of complexity was proposed, and was applied to the design of automobile
side-view. As a result, it was confirmed that curvature integration control the complexity in
curved profile, and it was shown that the possibility of new design-support in curved
profile using macroscopic feature driven shape generation method.
Key words: Curve Design, Macroscopic Feature, Shape Generation, Curvature
Integration, Genetic Algorithm
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1.

Introduction
The technique for styling design progressed in Bauhaus in early the 20th century. It is
because the knowledge about shape feature and the method for control it are
systematized, and this knowledge can be utilized in styling design. Although this was a big
result in Bauhaus, many of those results were discussed about the microscopic feature,
and most knowledge about the macroscopic feature was not acquired. The macroscopic
feature is the overall feature that emerges from the total of shape elements. This feature is
not expressed only by adding the feature of a shape element [1]. In cognitive psychology,
the macroscopic feature has been studied as Gestalt. Moreover, the composition in
aesthetics is also considered to be the macroscopic feature. However, this knowledge is
qualitative and difficult to be utilized in styling design. Therefore, in order to represent the
macroscopic feature quantitatively, we proposed modeling the above-mentioned
knowledge appropriately by the technique of computational engineering, and have
advanced research about macroscopic feature for curved profile. The prominent Japanese
motor corporation consented to our research, and various cooperation including offer of
the sample mentioned later was obtained.
On the other hand, one problem can be considered when utilizing the macroscopic
feature represented quantitatively in styling design. It is that the relationship between
macroscopic feature and sum of the feature of an element is nonlinear. Generally, only
when this relationship is linear, a designer can control shape feature directly. When this
relation is nonlinear, it is difficult to design controlling shape feature. Therefore, we
proposed macroscopic feature driven shape generation method (Fig.1) and have
advanced research for curved profile. In this method, an input of the macroscopic feature
outputs two or more curved profiles reflecting it. Design support is aimed at by presenting
generated shapes for a designer.
Input

Initial shape
Macroscopic
Feature
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Composition)

output

Macroscopic
feature
driven
shape
generation
method
Diverse generated shapes
by macroscopic feature control

Control

Evaluation &
Selection

Designer

Fig.1 Image of Styling Design Support Using Macroscopic Feature Driven Shape Generation Method
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As mentioned above, in styling design, the construction of method for representation
of macroscopic feature and the construction of method for control of macroscopic feature
are important. This paper describes the method for representation of macroscopic feature
"complexity" in curved profile, and the shape generation method for control of complexity.
Firstly, method for representation of macroscopic feature "complexity" was proposed.
"Complexity" affects evaluation of the important item on design, such as "beauty" and
"similarity". Moreover, it is possible that the quantification of "complexity" using the amount
of physics computed from curved profile, because there is little individual difference of
evaluation for "complexity." In the present study, the method for representation of
"complexity" was applied to the diverse curved profiles.
Next, based on our past study [2-4], shape generation method using method for
representation of "complexity" was proposed, and was applied to the design of automobile
side-view.

2.

Method for Representation of "Complexity"

2.1 Representation by Curvature Entropy
In the knowledge of the study about the "complexity" in outline shapes, the number of
vertices is cited as one of important factors of the "complexity" [5,6]. A vertex is the feature
point for a straight-line profile. The feature point in the curved profile is equivalent to a
high curvature point [7]. Therefore, it is
considered that the number of high curvature
κ
κ (l )
points cause "complexity" in the curved profile.
However, in order that curvature changes
continuously, the criterion that divides a high
l
0
curvature point and the other point is needed as
L
a parameter. So, in the present study, the number
of high curvature points was not computed using
parameter, but the total of the absolute curvature
Fig.2 Curvature Integration
was computed as curvature integration. This
value is known as the total absolute curvature
that is one of the global properties of curved profile in the differential geometry [8].
Curvature integration from curvature function in the curved profile is calculated in the
following manner (Fig.2). In Fig.2, the vertical axis is curvature κ , the horizontal axis is the
curve length l, the curvature function is κ (l) and the total length of curved profile is L.
Curvature integration is calculated using the following equation:

I=

1
2π

∫

L
0

κ (l )

dl

( I ≥ 1)

(1)
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In this equation, curvature integration is made the dimensionless value divided by 2 π . In
closed curved profile, the minimum of curvature integration is 1, and in open curved profile,
the minimum of that is 0.
2.2

Application to The Basic Curved Profiles
In order to describe the basic curved profiles, 20 polygonal profiles were selected. In
this regard, the polygonal profiles were used in "Aesthetic Measure" by Birkhoff [9], who is
the pioneer in the field of the study of "aesthetic" through the experimental psychology
approach. The basic curved profiles were described by setting junction points and control
points for these polygonal profiles, and interpolated by cubic Bézier curve under C1
continuity. All of the described basic curved profiles are shown in Fig.3.
In the present study, the cognition experiment was carried out to obtain the
quantitative value of the "complexity" in the basic curved profiles under the following
conditions.
Method
: semantic differential method (5 stages)
Evaluation items : "complexity"
Samples
: basic curved profiles (20 samples)
Examinees
: 13 students in the 20th generation
The distance between subject and CRT (Cathode Ray Tube) display was set 600mm
referring to the knowledge that the best distance between the operator and CRT display is
from 450 mm to 700 mm in VDT (Visual Display Terminal).
The relationship between curvature integration computed from the basic curved
profiles and the evaluation value of "complexity" was analyzed. As a result, the logarithmic
function of curvature integration was found to represent the "complexity" of basic curved
profiles (as shown in Fig.4).
Regression curve : y = 1.88 ln(x) + 1.98
Contribution ratio : R2 = 0.84

Complexity

Significance level : 0.00
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Basic curved profiles
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Curvature integration

Fig.3 Basic Curved Profiles

Fig.4 Relationship Between Curvature Integration
and Complexity (Basic Curved Profile)
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2.3

Application to The Automobile Side-Views
In order to describe the automobile side-views, some automobiles were selected. The
various automobile side-views of three types, which are Coupe, SUV (Sports Utility
Vehicle) and Sedan, were provided from TOYOTA MOTOR CORPORATION. 6 automobile
side-views were selected from each type.
The outlines of the automobile side-views were described by the cubic Bézier curve
under C 1 continuity. The drawings of the automobile side-views were scanned as image,
and noise removal was carried out using Photoshop 5.5 of Adobe. Next, the outlines of the
automobile side-views were extracted as cubic Bézier curve using Illustrator 9.0 of Adobe.
Then, the extracted cubic Bézier curves were corrected considering the low dispersion of
curvature in each segment and the C 1 continuity in each junction point. The described
automobile side-views (Sedan) are shown in Fig.5.
In the present study, the cognition experiment was carried out to obtain the
quantitative value of the "complexity" in the automobile side-views under
above-mentioned conditions in section 2.2.
The relationship between curvature integration computed from the automobile
side-views and the evaluation value of "complexity" was analyzed. As a result, the
logarithmic function of curvature integration was found to represent the "complexity" of
automobile side-views. Fig.6 shows the relationship between curvature integration and
the evaluation value of "complexity" in Sedan.
Regression curve : y = 5.96 ln(x) - 5.36
Contribution ratio : R2 = 0.94

Complexity

Significance level : 0.00

6
5
4
3
2
1
0

Sedan

2

3

4

5

6

Curvature integration

Fig.5 Automobile Side-Views (Sedan)

3.

Fig.6 Relationship Between Curvature Integration
and Complexity (Sedan)

Shape Generation Method

3.1

Construction of Shape Generation Method
Based on studies of Tian [10], the automobile side-view was expressed as a
polygonal profile consisting of eight basic points (Fig.7) and defined junction points (Fig.8)
for description by curved profile. In consideration of the freedom of shape description, and
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the simplicity of control, cubic Bézier curve is used as description of curved profile in the
shape generation method (Fig.9). The sedan type automobile side view was used as the
initial shape for the shape generation, and the curve control variables (the position of the
basic point, the direction of a tangent vector, and the size of a tangent vector) were
changed in the shape generation. Then, movable ranges of curve control variables were
defined for preventing shape generation from generating a curved profile with a
self-intersection point.
In the shape generation method, a genetic algorithm (GA) was used as a search
algorithm. GA is a search algorithm imitating the evolution process of a living thing. Global
search is attained in order that parallel search by many individuals is performed. In the
future, when operating two or more macroscopic features, it will be thought that a genetic
algorithm is effective. The curve control variables were manipulated in the shape
generation. The chromosome for GA was composed of an arrangement of the numerical
values for this manipulation. The fitness was the absolute value of the difference between
curvature integration of an individual and curvature integration that the designer set.
Crossover was handled in the manner described by Obayashi [11]. The random weighted
mean of the real number variable was used. Other GA parameters were referred to
DeJong's standard parameter [12]. The flow of the shape generation method is shown in
Fig.10.
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Fig.10 Algorithm of Shape Generation Method

Fig.9 Interpolation by A Cubic Bézier Curve
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3.2 Shape Generation
The degree of freedom in the shape
generation, w, was set 1/2, 3/4, 1. w is
the weight coefficient to movable range
on the position of the basic points

Initial Shape
Shape after Deformation
Basic Point Transfer Vector

(Fig.11). When w is set 1, the movable
range is max. The examples of
generated shapes are shown in Fig.12.
As shown in Fig.12, it was confirmed
that we could control the "complexity" of
curved profile by use of constructed
shape generation method.

R4
F1

R2

R5
R6

R3

R7
F8

Fig.11 Movable Range of Basic Points

Initial shape ( I = 1.25 )

w = 0.50

w = 0.75

w = 1.00

I = 1.00

I = 1.00

I = 1.00

I = 1.50

I = 1.50

I = 1.50

I = 1.75

I = 1.75

I = 1.75

I = 2.00

I = 2.00

I = 2.00

Fig.12 Generated Shapes

4. Conclusion
In the present study, method for representation of "complexity", one of macroscopic
feature, was proposed, and was applied to diverse curved profiles. As a result, it was
found that curvature integration represents the complexity, which had been difficult to
represent with microscopic shape-information in curved profile. Moreover, as a result of
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shape generation by GA using curvature integration as index, it was confirmed that
curvature integration control the complexity in curved profile.
Furthermore, the forward-looking tasks were as follows; (a) construction of the
method for representation of macroscopic feature about aesthetic, (b) analysis of the
relationship between curvature integration and other macroscopic feature, (c) the
verification of the possibility of controlling two or more macroscopic features by the
proposed shape generation method.
This work was supported by Grant-in-Aid for Research Fellow of the Japan Society
for the Promotion of Science.
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